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(57) ABSTRACT 

The process according to the invention includes the combi 
nation, With a liquid phase change material (PCM), of a 
texturing agent chosen so as to greatly reduce the thermal 
convection and Whose viscosity is decreased reversibly 
under shearing. The material formed has a gelled consis 
tency When at rest, and ?uidized under shearing. The PCM 
comprises a mixture of chemical compounds from the 
alkane family: paraf?ns, Waxes, fatty alcohols, fatty acids 
etc., and the texturing agent is a high mass polymer (hydro 
carbonate polymers, ester or ether polymers, mixed ester 
hydrocarbon polymers), an ionomer polymer or a di, tri or 
multi-block styrene copolymer (SBS: styrene-butadiene 
styrene, SEBS: styrene-ethylene-butadiene-styrene). 

Applications: thermal insulation of vessels or lines, and 
more especially, for hydrocarbon transport lines. 

23 Claims, No Drawings 
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METHOD FOR MAKING A 
QUASI-INCOMPRESSIBLE PHASE-CHANGE 
MATERIAL, SHEAR-THINNED AND WITH 

LOW HEAT CONDUCTIVITY 

FIELD OF THE INVENTION 

The present invention concerns a process for manufac 
turing a material based on phase change materials (PCM), 
quasi-incompressible and having loW thermal conductivity, 
and the product obtained by the process and the applications. 
The material has the characteristic of being able to be 
?uidized by shearing, then to gel at rest. 

The material according to the invention can be used as 
thermal insulant in many areas, in particular for the thermal 
insulation of lines or pipes carrying ?uids likely to major 
changes of state under the in?uence of temperature: crys 
tallisation of para?ins, deposition of hydrates, ice, etc. 

This is for example the case in the ?eld of hydrocarbon 
production. In many cases, it is necessary to provide sub 
marine lines With thermal insulation to keep the ?uids 
?oWing, and to prevent for as long as possible, the formation 
of hydrates or para?in or asphaltene-rich deposits. Deep sea 
developments often accumulate these drawbacks Which are 
particularly detrimental in the event of production stop 
pages. 

BACKGROUND OF THE INVENTION 

Various heat insulation techniques are described, for 
instance, in the folloWing documents: FR 98/ 16.791, JP 2 
176 299, or WP 97/47174. 

Heat insulation can be accomplished by a variety of 
processes. On shore, or at shalloW depths, cellular or Wool 
type porous cellular materials are used, to stop the convec 
tion of loW thermal conductivity gas. The compressibility of 
these porous materials prohibits the technique from being 
used at relatively great depths. 

Another knoWn technique consists in Wrapping the line 
With a ?rst coat of porous material soaked in para?in, for 
instance, Whose thermal insulation coe?icient is loWer than 
those obtained With the gas trapping technique mentioned 
above, and a second coat of refractory material strengthen 
ing the effect of the ?rst coat. HoWever, this kind of solution 
cannot be used in Water. 

There are other solutions that are more suitable for use at 

great depths. For instance, it is possible to use: 
solid quasi-incompressible polymer material coatings based 

on polyurethane, polyethylene, polypropylene etc. Which, 
hoWever, offer relatively average thermal conductivity, 
insu?icient to avoid draWbacks in the event of production 
stoppages; 

coatings of syntactic materials comprising holloW balls 
containing a gas and resisting the outside pressure, 
immersed in binders such as concrete, epoxy resin etc., 
Whose conductivity is loWer than that of the compact 
materials, but that are far more costly. 
It is also possible to protect the line in Which the ?uids 

circulate by an outer line Withstanding the hydrostatic pres 
sure. A heat insulation With loW thermal conductivity left at 
atmospheric pressure or placed under vacuum, With parti 
tions placed at regular intervals for safety reasons, is for 
example interposed in the annulus betWeen them. 

It is also Well-knoWn to interpose betWeen the line and a 
deformable protective sheath an absorbing matrix enclosing 
the line, impregnated With a liquid/solid phase change 
quasi-incompressible material having a melting temperature 
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2 
higher than that of the surrounding environment and loWer 
than that of the ?uids circulating through the line. 
The phase change materials (PCM) behave like heat 

accumulators. They release this energy in the course of 
solidi?cation (crystallisation) or absorb this energy during 
fusion, in a reversible manner. These materials can therefore 
be used to increase the length of production stoppages 
Without any risks of the lines being clogged by premature 
cooling of their content. 
Known examples of phase change materials are chemical 

compounds of the alkanes family CMHZWJ, such as for 
instance, n-para?ins (Cl2 to C60), Which represent a good 
compromise betWeen the thermal and thermodynamic prop 
erties (fusion temperature, latent fusion heat, thermal con 
ductivity, calori?c capacity) and cost. These compounds are 
thermally stable in the range of operating temperatures 
considered and are compatible With use in the marine 
environment because they are insoluble in Water and have a 
very loW toxicity level. Therefore, they are Well suited to the 
thermal insulation of deep Water lines. 
The change of state temperature of these phase change 

materials is related to the carbon number of the hydrocarbon 
chain and can therefore be adapted to a particular applica 
tion. To obtain a phase change at around 30° C., it is 
possible, for instance, to use a mixture of para?ins essen 
tially comprising Cl8 such as Linpar 18-20 marketed by 
CONDEA Augusta S.p.A. 
The use of Waxes, normal para?ins, long-chain Weakly 

branched isopara?ins (Cw-C40) (l or 2 branches), of long 
chain branched alkylcycloalkanes or long chain branched 
alkyl aromatics, also Weakly branched, fatty alcohols or fatty 
acids, may also be considered. 
Above their fusion temperature Tf, phase change materi 

als (PCM) are in the liquid phase and their viscosity is loW. 
To overcome this draWback, Which is particularly inconve 
nient for some applications, particularly in the manufactur 
ing of double Wall vessels, or energy storage drums, it is 
Well-knoWn to add a thickening agent, such as silica, to 
solidify them and prevent leaks from occurring. 
Another draWback of phase change materials (PCM) is 

that their liquid state favours thermal losses by convection. 

SUMMARY OF THE INVENTION 

The process according to the invention alloWs to manu 
facture a material or product based on quasi-incompressible 
phase change material (PCM) having loW thermal conduc 
tivity at a temperature higher than their fusion temperature 
Tf and ?uidiZed under shearing. 

It includes the combination, With a phase change material, 
of a texturing agent chosen so as to very considerably reduce 
the thermal convection at a temperature higher than the 
fusion temperature of the phase change material. 
The texturing agent is brought into solution in the PCM 

considered in such a Way as to give the phase change 
material a gel-like consistency once the material is at rest. 
The texturing agent is chosen to obtain ?uidi?cation under 
shearing. In this Way, the ?oW of the material through a tank 
or a line can take place more easily, in particular by pumping 
or pouring. 
Once in place, the texturing agent gels the material at the 

point Where its primary function of thermal insulant is 
required. 

If necessary, the product may contain anti-oxidant or 
anti-bacterial agents, corrosion inhibitors or an insoluble 
?ller designed to adjust its density or its thermal conduc 
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tivity, additives designed to improve its stability or a solvent 
designed to control its viscosity. 

The product according to the invention can be used for 
thermal insulation in general. In particular, it can be applied 
to the thermal insulation of lines transporting hydrocarbons, 
Where it may be used as a direct or interposed coating 
(injected) betWeen the lines and an outer protective sheath. 

Other characteristics and advantages of the process and of 
the material produced according to the invention, together 
With several application examples, are described hereafter. 

DETAILED DESCRIPTION 

The manufacturing process as described here consists in 
bringing into solution, in a phase change material (herein 
after referred to as PCM), a texturing agent chosen to 
increase the viscosity of the PCM and decrease the thermal 
convection of the PCM in the liquid state so as to form an 
insulating blocked convection substance having a gelled 
consistency at rest, and is ?uidized under shearing. 

The liquid component forming the continuous phase can 
be a mixture of chemical compounds from the family of 
alkanes CMHZM+2 such as, for instance, paraf?ns (Cl2 to C60) 
or Waxes, normal paraf?ns, long chain isoparaf?ns (C30 
C4O), very Weakly branched (1 or 2 branches), long chain 
branched alkylcycloalkanes or long chain branched alky 
laromatics, fatty alcohols or fatty acids. The liquid compo 
nent represents betWeen 60% and 99.99% of the product 
mass, While the complement is the texturing agent. 

The texturing Agent is: 
a high mass polymer (Weight average molecular Weight 

around 25000 to 2 million g/mole): hydrocarbonate poly 
mers, ester or ether polymers or mixed polymers; 

a charged polymer and/or ionomer polymers. Ionomer poly 
mers are macromolecules having a molecular mass 

included betWeen 1000 and 5 million, preferably betWeen 
20000 and 1 million g/mole, containing a small percent 
age of ionic groups (included betWeen 0.005% and 10% 
by mole, preferably betWeen 0.01% and 5% and even 
more preferably betWeen 0.2% and 3%) chemically linked 
and distributed along the non-ionic polymer chains. These 
polymers are obtained: 
either by co-polymerisation betWeen a functionaliZed 
monomer and a hydrophobic monomer such as an 

ole?n (for instance: acrylic acid or methacrylic acid 
With ethylene). 

or by the modi?cation of a preformed loW polarity poly 
mer (e.g., controlled sulfonation of polystyrene). 

a styrene block co polymer, preferably hydrogenated. Block 
copolymers are thermoplastic elastomers in Which poly 
mer chains have a di-block, tri-block, or multi-block 
con?guration. Tri-block copolymers have polystyrene 
segments (S) at the end of the molecule (preferably close 
to 30% by mass) and an elastomer segment at the centre. 
The di-block molecule simply has a polystyrene segment 
attached to an elastomer segment. 
The con?guration and the molecular mass vary With the 

grade of the copolymer (the molecular mass of polystyrene 
Will preferentially be included betWeen 5000 and 30000 
g/mol and that of elastomer Will be around 5000 g/mol). 

The strong interactions betWeen the high-mass polymer 
and the PCM Will alloW the penetration of the PCM mol 
ecules into the polymer macromolecules. The latter have 
very large dimensions in solution, they intermingle While 
sloWing doWn the How of the PCM layers to Which they 
belong, causing an increase in the composition viscosity. 
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4 
In the case of charged non-polar polymers, the ionic 

groups distributed along the chains form, by an association 
of intermolecular ion pairs, ion-rich aggregates. The aggre 
gates thus formed consequently increase, in the semi-dilute 
state, the viscosity of the solution compared to the same 
polymer, not charged, With an equivalent molar mass. 

Bringing a block copolymer into solution in the PCM is 
made by softening of the polystyrene segments under the 
effect of temperature. The molecules are then free to move 
When shearing is applied. The polystyrene and the elastomer 
blocks are not compatible on the thermodynamic level. 
Accordingly the polystyrene segments at the end of the 
chain are grouped to form polystyrene domains. The elas 
tomer segments form separate domains. Above a critical 
co-polymer concentration, the tri-block rubbers form PCM 
gels With an elastic behaviour (cohesive gels), Whereas the 
di-block rubbers tend to form “greases”. 
Under shearing, in the case of high mass polymers, the 

macromolecular coils are laminated With an orientation in 
the direction of How and the thickening poWer is temporarily 
reduced. In the case of ionic polymers or block copolymers, 
shearing breaks the reversible bonds (ionic or physical), thus 
also inducing a temporary reduction in viscosity. This phe 
nomenon may become more marked as the temperature 
rises. 
The consistency of a blocked convection phase change 

material (PCM-CB) as de?ned depends on: 
the texturing agent concentration, 
the type of polymer (plastic, elastomer, etc) or copolymer 

skeleton, molecular mass, ?exibility, number of blocks 
etc. 

the solvent capacity of the PCM in relation to the textur 
ing agcnt (nature of the chains), 

the dispersion forces, and in addition in the case of 
charged polymers: 

the faculty of the solvent (PCM) to ionise the ion pairs. 
The less polar the solvent, the higher the interactions. 

the proportion of charged groups, the nature of the ionic 
group (eg for anionic: carboxylate, sulfonate, phenate, 
salicylate, phosphonate), type of counter-ions (eg for 
anionic: cations: amine, metal, monovalent, multiva 
lent, . . . ). 

A suitable combination of these parameters Will make it 
possible to optimise the insulating poWer of the PCM-CB at 
temperatures higher than the fusion temperature Tf of the 
PCM. 

EXAMPLES OF COMPOSITIONS 

Blocked Convection PCMs can be Formed by Bringing into 
Solution: 

1a) hydrocarbon polymers (apolar) such as polyisobuty 
lenes or polyisobutenes (PIB); ethylene, propylene or 
higher carbon polymers; ethylene, propylene or higher 
carbon copolymers and their derivatives; copolymers 
based on combined dienes (hydrogenated polybutadi 
ene, hydrogenated butadiene-styrene, hydrogenated 
ethylene-butadiene and hydrogenated isoprene-styrene 
copolymers) linear, tri-block (e.g. styrene-ethylene 
butadiene-styrene, grade G1651 from Kraton) or radial; 
or other styrene based polymers, 

1b) ester polymers (polar) such as alkyl polyacrylates; 
alkyl polymethacrylates; maleates and fumarates; ita 
conates; 

1c) mixed ester-hydrocarbon polymers such as ole?n 
copolymers associated With esters (OCP-esters); alkyl 
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styrene methacrylate or acrylate polymers; alkyl-otole 
?n or polyole?n acrylate or methacrylate copolymers. 

These polymers can be used alone or as a mixture 

(mixture of polyisobutene and hydrogenated diene-styrene, 
of ole?n polymers or copolymers, of hydrogenated dienes 
styrene With ester polymers or copolymers, etc) and can be 
functionalised by polar units such as imides, succimides, 
vinylpyrolidone, etc. 

Blocked convection PCMs can also be formed by bring 
ing into solution ionomer polymers such as (generally, the 
ionic polymer is neutralised by a metallic or organometallic 
counter-ion): 

2a) anionic, cationic or amphoteric ionomers. 
2b) a combination of various ionomers. 
2c) telechelic polymers, i.e. the ionic groups are the chain 

ends (in this case, there are only tWo ionic groups per 
chain and the molecular mass is generally relatively 
loW). 

The ionic groups can be anionic (carboxylate, sulfonate, 
phosphonate, thioglyconate group), cationic (ammonium or 
pyridium salts, alkaline (Na, K) or alkaline-earth salts (Mg, 
Ca, Ba), amphoteric or ZWitterionic (e.g. carboxylbetaine). 

The main knoWn industrial ionomers are those comprising 
carboxylate or sulfonate groups. 

The Following List is not Limitative: 
Carboxylated ionomers: 

Ethylene and methacrylic acid copolymer; 
Carboxylated elastomers: polymers consisting of 
monomers containing a carbolyxic acid (generally 
acrylic or methacrylic acid) and monomers used for 
forming elastomers. These are for instance polymers 
of styrene-butadiene-acrylic acid, butadiene-acry 
lonitrile-acrylic acid, butadiene-acrylic acid poly 
mers, . . . ; 

Per?uorocarboxylated ionomers; 
Sulfonated ionomers: 

Sulfonated ethylene-propylene-diene terpolymers (sul 
fonated EPDMs). 

One preferred diene is 5-ethylidene-2-norbornene (ENB); 
Sulfonated elastomers: polymers comprising sul 

fonated monomers (generally sulfonated styrene) 
and monomers used for forming elastomers. The 
sulfonated elastomers are derived from elastomer 
polymers chosen from the group formed of isoprene 
and sulfonated styrene copolymers, chloroprene and 
sulfonated styrene copolymers, isoprene and butadi 
ene copolymers, styrene and sulfonated styrene 
copolymers, butadiene and sulfonated styrene 
copolymers, isoprene, styrene and sulfonated styrene 
terpolymers, butadiene, styrene and sulfonated sty 
rene terpolymers, butyl rubber, partially hydroge 
nated polyisoprene, partially hydrogenated polybu 
tylene, partially hydrogenated naturel rubber, 
partially hydrogenated polybutadiene, neoprene. The 
methods and characteristics of these sulfonated elas 
tomers are knoWn to the man skilled in the art (for 
instance, in documents U.S. Pat. No. 4,447,338, U.S. 
Pat. No. 4,425,462); 

chlorosulfonated polyethylene; 
per?uoro sulfonated ionomers; 

Telechelic ionomers: like carboxylated telechelic elas 
tomers (e.g. butadiene and acrylonitrile copolymer 
functionalised at the tWo ends of the chain) or sul 
fonated telechelic elastomers based on polyisobuty 
lene. 
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6 
The ionomer polymer can be added to the PCM at 

concentrations varying from 0.01 to 10%, and preferably 0.1 
to 3% by mass With respect to the total mass. 

Additives 
To bring in certain speci?c properties, the folloWing 

compounds can advantageously be included in the compo 
sitions for some applications. 

1-Soluble Additives 
a) Antioxidant additives may be added either during 

implementation, if the temperature is high (e.g.: Irga 
nox 1010 from Ciba), or When the product (PCM With 
blocked convection) is exposed to a temperature rise in 
service. In this case, the most frequently encountered 
compounds are phenol derivatives (dibutylparacresol, 
etc.), phenol derivatives containing sulphur and aro 
matic amines (phenyl 0t or [3 naphthylamine or alkyl 
amine diphenyls). These antioxidants sloW doWn the 
oxidation process because they inhibit the forming of 
free radicals or have a destructive effect on the formed 
hydroperoxides. 

b) antibacterial agents. 
c) corrosion inhibitors: 

c1) soluble in the liquid PCM, comprise polar chemical 
compounds Which are adsorbed easily on the metal 
lic surface While forming a hydrophobic ?lm (fatty 
amines or amides and derived substances, alkaline 
earth sulfonates, etc.); 

c2) soluble in Water and acting by passivation of the 
Water phase (e.g., sodium nitrite). 

2-Fillers 
Insoluble ?llers such as holloW glass microballs, ?y ash, 

macroballs, holloW ?bres, clayey compounds, etc, can be 
added advantageously to the PCM-CB to adjust its density 
and/or its thermal conductivity. 

3-Solvents 
To ?uidify the blocked convection PCM, it is possible to 

use hydrocarbons of petroleum origin, such as hydrocarbon 
containing solvents: distillation cuts, predominantly aro 
matic, naphthenic or paraf?nic oils obtained using solvent 
extraction processes or deep hydro-treatment processes, 
solvents or cuts obtained by hydroisomerisation of paraf?n 
extracts of petroleum origin, or by Fischer Tropsch synthe 
sis, solvents and compounds obtained by synthesis, for 
instance, oxygenated compounds of the ester type, synthetic 
hydrocarbons such as hydrogenated polyole?ns, etc. A PCM 
co-solvent can also be used to check and adjust the in?uence 
of temperature on the viscosity. 
The blocked convection PCM (PCM-CB) material typi 

cally comprises betWeen 60 and 99.99% liquid PCM and 
complementary texturing agent. Additives (<10%), ?llers (5 
to 60%), and solvents (0.2 to 20%) are possibly added. 

FORMULATION EXAMPLES 

1) In the case of an apolar PCM like a mixture of paraf?ns 
With viscosity of around 5 mPa-s at 400 C., a blocked 
convection formulation based on this PCM, containing 
approximately 15% of a product based on hydrogenated 
butadiene-styrene (PBSH) and 0.5% of antioxidant agent, 
has a viscosity of 100000 mPa~s at 400 C. This viscosity is 
reduced by 50% (50000 mPa-s) With shearing of 5 105 s'1 
and by 70% (40000 mPa-s) With the same shearing at 80° C. 

2) Gelation of 1 litre of liquid PCM is obtained by the 
dissolution of several ten grams/litre of a sulfonated ionomer 
neutralised by a Zinc salt and having a sulfonate proportion 
of around 30 millequivalent/ 100 g. 
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Applications 
The blocked convection PCM materials described can be 

used, for instance, for the thermal insulation of submarine 
lines. 

In patent application FR 98/ 16.791 already mentioned, a 
thermal insulation and device for submarine lines is 
described, intended to be laid on the seabed at a great depth. 
The device includes an outer coating consisting of a liquid/ 
solid phase change material (PCM) quasi-incompressible 
having an intermediate fusion temperature betWeen the 
temperature of the e?luents circulating in the line(s) and the 
temperature of the outside medium, and an absorbing matrix 
surrounding the lines as closely as possible. The lines and 
their coating are placed in a resistant and deformable pro 
tective sheath. 

The outer coating consisting of the matrix impregnated 
With PCM described in the prior document can be advan 
tageously replaced by one of the blocked convection PCMs 
described above, having the result of an improvement in the 
thermal insulation of the lines and the simpli?cation of the 
installation operations around the line(s), for instance, by 
pumping at a temperature higher than the fusion temperature 
Tf, particularly appreciable When the line assembly to be 
insulated is complex. Pumping is facilitated because, during 
shearing, the viscosity of the material decreases. 

Applications of the material to thermal insulation of lines 
used for transporting ?uids, especially hydrocarbons, have 
been described. It is obvious, hoWever, that such a material 
can be used in any other application requiring loW thermal 
conductivity, combined With energy release. 

The invention claimed is: 
1. Process for manufacturing a material for thermal insu 

lation based on phase change material (PCM), having loW 
thermal conductivity, characterised in that it comprises com 
bining a phase change material With a texturing agent chosen 
to greatly reduce the thermal convection at a temperature 
higher than the fusion temperature of the phase change 
material and Whose gelling or viscosifying capacity drops 
temporarily under shearing so as to give the phase change 
material a consistency of a gel When at rest and obtain 
?uidi?cation under shearing. 

2. Process as claimed in claim 1, characterised in that it 
includes the combination of a texturing agent in a solution 
in the phase change material. 

3. Material for thermal insulation based on phase change 
materials (PCM) exhibiting loW thermal conductivity at a 
temperature higher than the fusion temperature of the phase 
change material, characterised in that it includes in combi 
nation a phase change material (PCM) and a texturing agent 
chosen to greatly reduce the thermal convection at a tem 
perature higher than the fusion temperature of the phase 
change material, and Whose gelling or viscosifying capacity 
drops temporarily under shearing so as to give the phase 
change material a consistency of a gel When at rest and 
obtain ?uidi?cation under shearing. 

4. Material for thermal insulation based on phase change 
materials (PCM) exhibiting loW thermal conductivity at a 
temperature higher than the fusion temperature of the phase 
change material, characterised in that it includes in combi 
nation a phase change material (PCM) and a texturing agent 
chosen to greatly reduce the thermal convection at a tem 
perature higher than the fusion temperature of the phase 
change material, and Whose gelling or viscosifying capacity 
drops temporarily under shearing so as to give the phase 
change material a consistency of a gel When at rest and 
obtain ?uidi?cation under shearing, Wherein the texturing 
agent is at least one, or mixtures thereof, of the polymers 
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8 
chosen from the group consisting of: non-dispersing or 
dispersing hydrocarbon polymers (apolar), non-dispersing 
or dispersing ester polymers (polar), or mixed non-dispers 
ing or dispersing ester-hydrocarbon polymers. 

5. Material for thermal insulation based on phase change 
materials (PCM) exhibiting loW thermal conductivity at a 
temperature higher than the fusion temperature of the phase 
change material, characterised in that it includes in combi 
nation a phase change material (PCM) and a texturing agent 
chosen to greatly reduce the thermal convection at a tem 
perature higher than the fusion temperature of the phase 
change material, and Whose gelling or viscosifying capacity 
drops temporarily under shearing so as to give the phase 
change material a consistency of a gel When at rest and 
obtain ?uidi?cation under shearing, Wherein the texturing 
agent is an onomer texturing polymer de?ned as consisting 
of macro molecules With a small percentage of chemically 
linked ionic groups distributed along non-ionic chains (skel 
etons). 

6. Material as claimed in claim 5, characterised in that the 
texturing polymer referred to as the ionomer contains 
anionic groups selected from the group consisting of car 
boxylate, sulfonate, phenate, salicylate, phosphonate, 
thioglyconate, and/or cationic groups selected from the 
group consisting of ammonium, pyridium salts or organo 
metallic, alkaline or alkaline-earth salts and/or amphoteric 
and/or ZWitterionic groups selected from the group consist 
ing of carboxylbetaines. 

7. Material as claimed in claim 1, characterised in that it 
includes 60 to 99.99% of liquid PCM, the complement 
consisting of a texturing agent by mass. 

8. Material as claimed in claim 3, characterised in that it 
includes in addition at least one soluble additive acting as an 
anti-oxidant or anti-bacterial agent or a corrosion inhibitor. 

9. Material as claimed in claim 3, characterised in that it 
includes in addition at least one insoluble ?ller designed to 
adjust its density or is thermal conductivity. 

10. Material as claimed in claim 3, characterised in that it 
includes in addition at least one solvent designed to control 
the viscosity. 

11. A method for thermal insulation of a ?uid carrying 
line, comprising coating the line With a material for thermal 
insulation based on phase change materials (PCM) exhibit 
ing loW thermal conductivity at a temperature higher than 
the fusion temperature of the phase change material, char 
acterised in that the material includes in combination a phase 
change material (PCM) and a texturing agent chosen to 
greatly reduce the thermal convection at a temperature 
higher than the fusion temperature of the phase change 
material, and Whose gelling or viscosifying capacity drops 
temporarily under shearing so as to give the phase change 
material a consistency of a gel When at rest and obtain 
?uidi?cation under shearing. 

12. A method for thermal insulation of a ?uid carrying 
line, comprising interposing a material for thermal insula 
tion betWeen the line and an outer protective sheath, the 
material for thermal insulation being based on phase change 
materials (PCM) exhibiting loW thermal conductivity at a 
temperature higher than the fusion temperature of the phase 
change material, characterised in that the material includes 
in combination a phase change material (PCM) and a 
texturing agent chosen to greatly reduce the thermal con 
vection at a temperature higher than the fusion temperature 
of the phase change material, and Whose gelling or viscosi 
fying capacity drops temporarily under shearing for textural 
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insulation being based so as to give the phase change 
material a consistency of a gel When at rest and obtain 
?uidi?cation under shearing. 

13. Amethod as claimed in claim 12, Wherein the material 
is injected into the annulus betWeen the line and an outer 
protective sheath While the material is ?uidi?ed. 

14. A method as claimed in claim 13, Wherein the line is 
a hydrocarbon ?uid carrying line. 

15. A method as claimed in claim 12, Wherein the line is 
a hydrocarbon ?uid carrying line. 

16. A method as claimed in claim 11, Wherein the line is 
a hydrocarbon ?uid carrying line. 

17. Material as claimed in claim 5, characterized in that 
the texturing polymer referred to as the ionomer contains 
anionic groups, cationic groups and/or zWitterionic groups. 

5 
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18. The method according to claim 12, characterized in 

that the material is interposed betWeen the line and the outer 
protective sheath by pumping or pouring the material While 
the material is ?uidi?ed. 

19. The method according to claim 15, characterized in 
that the material is interposed betWeen the line and the outer 
protective sheath by pumping or pouring the material While 
the material is ?uidi?ed. 

20. The method according to claim 13, characterized in 
that the material is injected by pumping or pouring. 

21. The method according to claim 14, characterized in 
that the material is injected by pumping or pouring. 

22. The method according to claim 13, characterized in 
that the material is injected by pumping. 

23. The method according to claim 14, characterized in 
that the material is injected by pumping. 

* * * * * 


